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Abstract 
In this paper an innovative energy harvesting system based on a piezoelectric converter to extract energy from airflow and use it 
to power autonomous sensors is presented. The converter is embedded as a part of a flexure beam that is put into vibrations by 
Von Karman vortices detached from a bluff body placed upstream. The results of experimental characterization show that higher 
conversion effectiveness is obtained for flow velocities where the frequency of the vortices matches the resonant frequency 
corresponding to the first flexural mode of the beam. The possibility to power autonomous sensors has been shown by 
developing an energy management and signal conditioning electronic circuit plus two sensors for the transmission of a RF signal 
from which temperature and flow velocity can be extracted. A harvested power of about 100 μW with retransmission intervals 
below 2 min have been obtained. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
Harvesting energy from Von Karman vortices can be effective since they are common behind obstacles in a flow and 
they represent an ideal forcing for a vibrating energy harvester [1-3]. We propose a harvesting system composed of a 
bluff body and a flexure beam with an embedded piezoelectric converter. The beam has been placed behind the bluff 
body in a wind tunnel to collect the generated vortices. The voltage from the converter has been measured and 
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characterized in the time behavior and frequency spectrum in order to investigate the conversion performances. The 
possibility to exploit the harvested energy to power autonomous sensors has been investigated. The converter has 
been connected to a tailored circuit that accumulates the harvested energy. When enough energy is available the 
circuit allows periodical transmissions of a RF signal from which information on the flow, measured by the sensors, 
can be extracted [4]. 
2. Energy harvesting system 
As shown in Fig.1, a parallelepiped-shaped obstacle, with a width W, placed in a low-velocity wind tunnel has 
been used as the bluff body. The beam has been placed in the vortex street behind the obstacle to allow periodic 
excitation. The beam is composed of the piezoelectric converter and a blade profile. The converter is a bimorph 
piezoelectric element, WAC3X/18, based on a steel slat, clamped at one end to obtain a cantilever structure. The 
blade has been connected to the free end of the converter to collect the vortices. The beam has been placed at a 
distance d ≈ 1.5W from the bluff body where the maximum intensity of the vortices is expected [2]. The orientation 
angle θ of the beam with respect the flow direction can be varied to change the coupling with the vortices. 
 
(a) (b) 
Fig. 1. (a) Sketch of the system: the bluff body is W = 55 mm wide, the piezoelectric converter is 45 mm long and 20 mm wide and the blade is 
70 mm long and 30 mm wide. The stepper motor allows to change the orientation angle of the beam with respect to the flow direction. (b) 
Visualization of the flow pattern by smoke: the position of the blade at d = 80 mm from the bluff body, and the orientation angle θ are shown. 
(a) (b) 
Fig. 2. (a) Voltage VP versus time measured for three different flow velocities, u1 = 2.3 m/s, u2 = 4.2 m/s, and u3 = 6.2 m/s for θ = 300°; 
 (b) Frequency spectrum of VP measured for three different flow velocities: u1 = 2.3 m/s, u2 = 4.2 m/s, and u3 = 6.2 m/s for θ = 300°. 
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Different air flows have been generated while the open-circuit voltage VP of the converter has been measured. 
Fig. 2a shows the comparison among the voltages VP for three different flow velocities. The highest amplitude and 
regularity of VP for the intermediate velocity u2 are due to the repetition frequency of the vortices near to the 
resonant frequency fm of the beam, which is of about 13.6 Hz. 
Fig. 2b shows the frequency spectra of the voltages VP. From the frequency fu2 of the main component in the 
spectrum for u2 the Sthrouhal number St = fu2W/u2 = 0.17 of the proposed configuration has been determined [2,3]. 
By the same equation the frequencies fu1 and fu3 of the vortices can be calculated for u1 and u3. As it can be observed 
in Fig. 2b main components in the spectrum of VP for u1 and u3 are present at the frequencies fu1 and fu3 and also at 
their second harmonics. Moreover, the magnitude of the components are amplified in the region of fm. 
3. Autonomous sensors 
The ability of this harvesting system to power autonomous sensors has been demonstrated by connecting the 
converter to a tailored energy management and signal conditioning circuit plus two sensors [4], as shown in Fig 3. 
Once enough energy has been stored in the capacitor CS a rectangular-wave voltage VTM is generated which 
simultaneously carries information on both the flow temperature measured by a resistive sensor NTC Epcos 
K164/10k and the beam oscillations. The frequency of VTM depends on the flow temperature and the duty cycle is 
modulated by the signal from a piezoelectric sensor placed onto the cantilever to sense the deflections. 
The VTM signal is transmitted by an RF OOK modulator (315 MHz). An external receiver unit can extract the 
flow temperature, and the velocity by the frequency of the forcing vortices, enclosed in the oscillation information, 
and the known St number. 
 
 
Fig. 3. Block diagram of the autonomous sensor module powered by the piezoelectric converter. The voltage VTM has frequency and duty-cycle 
sensitivities of 30.3 Hz/°C and 0.59 V-1 respectively. 
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Fig. 4. Average harvested power and retransmission time interval as a function of the flow velocity. 
The performances of the harvesting system and energy management circuit have been characterized by 
measuring the transmission time and the time interval between two transmissions as a function of the flow velocity. 
Transmission time of about 2 s and, as shown in Fig. 4, harvested power up to 100 μW have been obtained. 
Correspondingly a retransmission interval below 2 min has been achieved. As it can be observed best performances 
are obtained for flow velocities, of about 4 m/s, that excite the beam resonance. 
4. Conclusions 
In this work the possibility to use a piezoelectric converter to harvest energy from an airflow has been 
demonstrated. The alternate forcing for the vibrations is provided by von Karman vortices generated behind a bluff 
body placed in the airflow. It is shown that the harvesting effectiveness is improved when the repetition frequency 
of the vortices is near to the resonant frequency of the beam. 
A way to exploit the harvested energy to power autonomous sensors has been shown. Two sensors have been 
powered by a tailored energy management unit that allows to accumulate the energy and to switch it to the 
conditioning circuit when enough energy is available to power the load. In this way both the fluid temperature and 
the flow velocity are wirelessly transmitted to a remote unit by a RF signal. 
The obtained results show that the proposed system is suitable for applications where battery-less sensor unit and 
wireless transmission of flow information are required. 
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